The purpose of this study was to demonstrate the feasibility of routine transfer of ST-segment elevation myocardial infarction (STEMI) patients to achieve percutaneous coronary intervention (PCI) in less than 90 min from presentation.
Background
Many PCI hospitals have achieved routine door-to-balloon times under 90 min for patients with STEMI presenting directly to the hospital. However, few patients transferred from a non-PCI center undergo PCI within 90 min of presentation.
Methods
Our rural PCI hospital implemented a program in 2005 for rapid triage, transfer, and treatment of STEMI patients and made additional improvements in 2006 and 2007. Intervals between milestones in the STEMI triage/transfer/treatment process were assessed before and after implementation of the program.
Results
During the 5-year study period, 676 patients with 687 STEMIs were transferred from 19 community hospitals and underwent PCI. Median door-to-balloon time decreased from 189 min to 88 min (p Ͻ 0.001). The time intervals reflecting efficiency of the referring hospitals, transfer services, and PCI hospital all significantly improved. In 2008, median door-to-balloon times were Ͻ90 min for 6 of the 7 most frequently referring hospitals. Delays during off-hours presentation in 2004 were abolished after the program was implemented in 2005. Inhospital mortality decreased from 6% before to 3% after implementation of the program. In multivariate modeling, presentation before initiation of the STEMI program predicted increased risk of in-hospital mortality (odds ratio: 3.74, 95% confidence interval: 1.22 to 11.51, p ϭ 0.021).
Conclusions
A program of rapid triage, transfer, and treatment of STEMI patients presenting to non-PCI hospitals can reduce inhospital mortality and produce progressive improvements in door-to-balloon time such that median door-to-balloon times under 90 min are feasible. Primary percutaneous coronary intervention (PCI) is the preferred treatment for patients presenting with STsegment elevation myocardial infarction (STEMI) (1) .
Time to treatment is a critical determinant of outcome (2, 3) . Recent guidelines recommend reperfusion within 90 min of first medical contact, even for patients transferred from non-PCI hospitals (4) . At present, many patients presenting directly to PCI hospital emergency departments do not meet this goal (5) , and most patients transferred for PCI STEMI do not meet it despite development of innovative attempts to shorten time to treatment (6 -10) . Only 1 system has reported median door-to-balloon time under 90 min for transferred patients; this was for only 37 STEMI patients transferred from a single hospital for PCI (11) . We analyzed our experience as part of a regional STEMI network involving many hospitals in a rural setting, and the impact of a quality initiative on door-to-balloon times over a 5-year period.
Methods

PCI center.
The PCI center in this study is a 437-bed tertiary care hospital in rural central Pennsylvania serving 37 counties with a population of 2.4 million. It has provided primary PCI services since 1985 and treated STEMI patients exclusively with PCI since 1995. The PCI center is part of a rural health system that owned and operated 4 to 5 helicopters based at 4 to 5 sites throughout central Pennsylvania during the study period (Fig. 1) . Ambulances were used when helicopter transport was impossible due to weather. Patients. All patients presenting within 12 h of onset of symptoms of STEMI and transferred to our PCI hospital from January 1, 2004, to December 31, 2008, for PCI were considered for inclusion in this analysis. We excluded from this analysis patients transferred after having received thrombolytic therapy. Patients with relative contraindications to PCI, including allergy to contrast dye, major comorbidities, and warfarin anticoagulation, were accepted in transfer and evaluated in the emergency department by the interventional cardiologist. Patients in whom the anticipated benefits of emergency PCI exceeded risk underwent emergency PCI and were included in all analyses reported here. The study was approved by the institutional investigational review board. Transfer and treatment protocols. During 2004, patients were treated according to standard practice at the time. Pre-hospital electrocardiography (ECG) was not available to any local emergency medical services. Patients with STEMI presenting to a referring hospital were evaluated there by emergency physicians, primary care physicians, or cardiologists. Most referring hospitals routinely transferred STEMI patients for PCI; a small minority of patients received on-site thrombolytic therapy. Transfer of STEMI patients was arranged by calling the emergency physician or the general cardiologist on call at the PCI hospital. The PCI hospital emergency physician screened the patient for appropriateness for PCI, checked cardiac intensive care unit bed availability, and then requested helicopter transfer. On arrival at the PCI hospital, the patient was taken to the emergency department where the emergency physician and the general cardiologist on call assessed the patient, checked laboratory results, and consulted the interventional cardiologist. If appropriate, the interventional cardiologist directed the paging operator to page the catheterization team. All members of the team arrived in the laboratory within 30 min of being paged.
A STEMI rapid triage and transfer protocol was developed in the last half of 2004 and fully implemented on January 1, 2005. It encouraged referring hospital emergency physicians to directly call the PCI hospital emergency department. After reviewing a faxed copy of the ECG and screening the patient with a 9-question checklist, the emergency department physician dispatched a helicopter and alerted the interventional cardiologist, who then called the operator to group-page the catheterization laboratory team. In most cases, the interventional cardiologist and catheterization team met the patient and helicopter crew at the doors of the catheterization laboratory suite. After obtaining a brief history, examination, and informed consent, PCI was performed. Additional improvements to the program were made yearly (Table 1) .
During the time period of this study, few local ambulances performed pre-hospital ECGs, and diversion from referring hospitals on the basis of pre-hospital ECGs was extremely rare. In general, interhospital transport by helicopter rather than ambulance was preferred by community emergency physicians due to reluctance of ambulance crews to travel outside of their community, frequent unavailability of ambulances for interhospital transport, and availability of trained emergency medical technicians and nurses with medical control on the helicopter. Interventional treatment. Coronary intervention at the PCI hospital during the study period was performed by 3 to 5 staff interventionists employed by the health care system. All operators performed Ͼ200 PCIs per year, and during the study period, 4,782 elective, urgent, and emergent PCIs were performed at the PCI hospital. PCI was typically performed with 6-F guide catheters via a femoral approach, heparin or bivalirudin anticoagulation, and vascular closure with intra-arterial collagen plug or suture device. Details of diagnostic catheterization and PCI (e.g., imaging of the noninfarct vessel before versus after PCI, post-dilation, glycoprotein 2b/3a inhibitor treatment) varied among the interventionists.
In the rare circumstance that 2 patients with STEMI presented together after hours, a catheterization laboratory technician, nurses from the 24-h catheterization laboratory recovery suite, and the interventional cardiology fellow prepared the second patient while the first patient was revascularized. When the first patient was stable, the second patient was revascularized. Revascularization for the second patient was almost never delayed by more than 15 min.
Data collection.
Data on all patients were entered into the American College of Cardiology National Cardiovascular Data Registry. Data were collected immediately after PCI by the operator, and information about the remainder of the hospitalization was obtained at the time of discharge by cardiology advanced practitioners.
Transfer times were collected retrospectively for the first 6 months of 2004 using logs from the helicopter service, cardiac catheterization laboratories, and patient charts. Precise times were available for all key data points for all patients. Starting July 1, 2004, transfer times were collected immediately after PCI on standardized forms and entered into a dedicated database. Definitions of times and intervals are listed in Table 2 . Follow-up. Vital status for each patient 1 year after the index STEMI was ascertained from the Social Security Death Index maintained by the U.S. Social Security Administration. Data analysis. Demographic and procedural data are reported as percentages or mean (Ϯ SD). Times are reported as medians since all time distributions were skewed. Only patients transferred by helicopter yielded times from ECG to helicopter dispatch and for helicopter dispatch to arrival at the PCI center. All patients were used for all other analyses. Categorical data were compared using Pearson chi-square statistic or Fisher exact test (in case of small expected numbers). The Kruskal-Wallis test (nonparametric since time variables were skewed) was used for continuous variables.
The nonparametric Jonckheere-Terpstra test was used to check for trends of the time variables by year, to analyze data in which the variable (i.e., times) is at least of an ordinal scale and the underlying hypothesis is of an increasing or decreasing monotonic trend. It was hypothesized that over time (year of presentation), the median times tended to monotonically decrease. Cochran-Armitage trend test was used to check for trends over time of the percentage of patients with total times Ͻ90 or Ͻ120 min. All tests were 2-sided, and p values Ͻ0.05 were considered significant.
Subsequent Modifications to Initial STEMI Protocol Table 1 Subsequent Modifications to Initial STEMI Protocol
2005
• Community hospital physicians visited by interventional cardiologist with recommendations to: X Perform ECG within 10 min of arrival for chest pain patients X Communicate with PCI center physicians via dedicated STEMI hotline X Treat and triage patients without consulting with primary physicians X Give aspirin 325 mg chewed, metoprolol 5 mg IV ϫ 3 when not contraindicated, heparin 70 U/kg bolus without infusion, sublingual nitroglycerin or optional topical nitropaste without routine intravenous infusion, and clopidogrel 600 mg PO X Eliminate intravenous infusions of heparin and nitroglycerin.
2006
• Nurse coordinator hired to oversee program and communicate with emergency department personnel at all referring hospitals.
• Recommendations for medications listed above were formally endorsed for all STEMI patients.
• Formal next-day feedback provided to referring hospitals, including diagnostic and treatment intervals and patient outcomes.
• Quarterly "report cards" issued to each referring hospital emergency department.
2007
• PCI hospital emergency physicians directly activated the interventional team (instead of discussing it first with the interventional cardiologist on call).
• A group page was implemented for simultaneous notification of all members of the interventional team and catheterization laboratory staff of an incoming STEMI patient.
ECG ϭ electrocardiogram; IV ϭ intravenous; PCI ϭ percutaneous coronary intervention; PO ϭ by mouth; STEMI ϭ ST-segment elevation myocardial infarction. Relationships between clinical characteristics that varied over the study period were examined to determine whether they were independently related to treatment intervals. For characteristics that both varied by year of presentation and were associated with significant differences in median times, the bivariate test results reported in the tables were checked after adjusting for the related baseline characteristic(s). To obtain adjusted p values, simple regressions were performed using times as the dependent variables (log transformed since highly skewed). Adjusted p values (adjusted for other covariates in the model) were obtained for the independent variable of interest (such as year of presentation). If the resulting adjusted p value changed the interpretation of results, the p value was reported in the tables as well.
To identify predictors of death, potential variables were bivariately associated with death using Fisher exact test for categorical variables and the Wilcoxon-Mann-Whitney rank sum test for continuous predictors. Variables checked as possible predictors included all of the time segments and procedural characteristics prior to intervention (as listed in Table 3 ), referring hospital, year of MI, presentation during workday versus off-hours, transport method, and interventional operator. Variables that were bivariately associated with death with a p value Ͻ0.1 were kept for logistic regression modeling. Logistic modeling was performed with backward elimination to retain significant predictors in the final model. Ejection fraction was excluded from multivariate models since it was determined post-PCI.
Results
Study population. During the 5-year study period, 676 patients with 687 STEMIs were transferred from 19 community hospitals and underwent PCI. Helicopter transport was used for 571 (83%) of patients transferred for STEMI PCI; the rest were transferred by ambulance. During this same period, 278 STEMI patients presented directly to the PCI center emergency department and are not included in this analysis.
Several demographic and procedural characteristics (Table 3) Table 4 . Symptom onset-to-initial presentation times did not change over the study period. All other time intervals decreased significantly and progressively, with an equilibrium reached only in the fifth year of the study. Median door-to-balloon time decreased by 101 min over the 5-year study period, with three-fourths of the decrease in the first year of the program (Fig. 1) . Two-thirds of the 101-min Abbreviations as in Table 1 .
Definitions of Times and Intervals
Baseline Demographic and Procedural Characteristics (n ‫؍‬ 687) Six of these 7 referring hospitals most commonly referring STEMI patients had median door-to-balloon times Ͻ90 min in 2008, and all 7 hospitals had significantly shorter door-to-balloon time at the end of the study period (Table 5) . Time from initial presentation to helicopter dispatch, the interval most closely reflecting referring hospital efficiency, decreased numerically at 6 of the 7 hospitals and significantly so at 4 of the 7. The least efficient hospital in 2004 became the most efficient in 2008. Workday versus off-hours presentation. Throughout the study period, workday and off-hour patients had similar median times from presentation to ECG, and from ECG to dispatch (Table 6) 
Discussion
The most important finding of this study is that rapid diagnosis, triage, transfer, and treatment is possible for some STEMI patients in a rural setting in the U.S. In the last year of our study, median door-to-balloon time for patients transferred for PCI was 88 min, and 53% achieved a door-toballoon time under 90 min. Our system has produced doorto-balloon times over an hour shorter than the 171 min reported by Nallamothu et al. from the National Registry of Treatment Times 
Myocardial Information database (12) , and shorter than those recently reported by other systems (8 -10) .
A second important finding is that sequential improvements in all components of the system-the referring hospitals, transport services, and the PCI hospitalcontributed to decreasing delays to treatment. Referring hospitals decreased the time from arrival at the referring hospital to ECG from 6. These subsequent improvements were partly due to implementing proven strategies reported by Bradley et al. (13) and to additional efforts by all members of the system to increase efficiency of the system.
A third important finding of this study is that the results described above were achieved without full implementation of formal rigid systems advocated by others (14 -16) . Formal transfer agreements were not signed between referring hospitals and the PCI hospital. Instead, a simple 1-call-fortransfer program was developed by the PCI hospital and offered to emergency department personnel at local referring hospitals. Formal referring hospital treatment protocols were suggested but not required. There were no administrative relationships among the hospitals participating in the system reported in this study. Participation in the STEMI program was informal and completely voluntary.
Other investigators have reported faster door-to-balloon times during workday hours compared to off-hours (17, 18) . However, after implementation of our system, median door-to-balloon times for workday hours were similar to and within a few minutes of those for off-hours. Because all of the interventionists and at least 1 member of each catheterization laboratory staff call team live within 5 min driving time of the PCI hospital, there was always ample time for the catheterization team to reach the laboratory before the patient arrived.
Prior to implementation of this STEMI program, referring hospitals demonstrated wide differences in the efficiency with which they identified and triaged STEMI patients. Initially, median door-to-dispatch times among the 7 most frequently referring hospitals ranged from 21 to 80 min. By 2008, these times had decreased to 12 to 27 min, demonstrating that community hospitals can dramatically improve their own processes for evaluation and treatment of Median Treatment Times by Individual Community Hospital STEMI patients. We attribute these improvements to consistent communication with the PCI hospital physicians, including feedback after individual STEMI patient transfers, and the efforts of health care providers at referring hospitals to improve their processes. However, differences remaining among referring hospitals, even after 4 years, demonstrate that hospitals embrace the challenge of establishing and improving STEMI programs with varying levels of enthusiasm and success.
Median door-to-balloon times in 2008 were under 90 min for all 5 referring hospitals with flight times to the PCI hospital Ͻ10 min (and with driving times of Ͻ40 min). Because most patients in the U.S. live within this proximity to a PCI hospital (19) , PCI in Ͻ90 min should be feasible for the majority of STEMI patients in the U.S. These data also raise the issue of whether initiating low-volume nosurgery-on-site STEMI programs are of any benefit when efficient STEMI transfer systems are available.
Several studies have found that door-to-balloon time is an independent correlate of death (2,3), but ours did not.
The vast majority of our patients had door-to-balloon times of 70 to 110 min (Fig. 2) , and variation in door-to-balloon times within this relatively narrow range is likely not sufficiently influential to produce differences in mortality large enough to be identified in a study of this size. Larger studies with larger ranges of door-to-balloon times would be more likely to demonstrate a correlation between door-toballoon time and mortality. Although door-to-balloon time did not correlate with mortality, presentation before initiation of the STEMI transfer program did correlate with higher mortality (OR: 3.74, p ϭ 0.021). Study limitations. We did not track STEMI patients with absolute contraindications to PCI, nor did we track patients presenting with STEMI more than 12 h after the onset of symptoms. The generalizability of the results of this study may be limited by several unique features of the region and health system in which it was performed. The PCI hospital catheterization laboratory is a closed laboratory, staffed by a single group of employed interventionists. The helicopters used for transport are owned by the same health system that Treatment Times by Workday Hours Versus Off-Hours operates the PCI hospital and are based in areas that frequently refer patients, an arrangement that favors efficient transfers. Pre-hospital ECGs were not routinely available to local ambulance units during the study period, and their use may further improve transfer efficiency. Standardized community hospital order sets and transfer strategies, if implemented, might have provided further improvements in efficiency. This study did not compare a helicopter transport system to an efficient ambulance transport system, and for short transport distances, it is possible that an efficient ambulance transfer system would achieve comparable transfer times and better cost efficiency compared with helicopter transport. Due to the small number of mortality events in the multivariate logistic regression model, results regarding correlates of mortality are presented with caution. We used wire-crossing time prior to 2007 instead of balloon inflation time because: 1) balloon inflation is an arbitrary end point that often does not reflect time of reperfusion; 2) many procedures started with rheolytic or aspiration thrombectomy, not balloons; and 3) there was no consensus that balloon inflation or device activation was the correct surrogate for reperfusion time. 
Conclusions
A program of rapid triage, transfer, and treatment of STEMI patients presenting to non-PCI hospitals can reduce in-hospital mortality and produce progressive improvements in door-to-balloon time such that median door-to-balloon times under 90 min are feasible.
